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ABSTRACT 

Liquid-phase t reatment  o f  b lack l i q u o r s ,  from a l k a l i n e  pulping, a t  300 - 350 O C  
i n  a reducing atmosphere r e s u l t s  i n  the  format ion o f  an o i l - l i k e  product. which 
separates o u t  from an aqueous phase con ta in ing  the  i no rgan ic  cons t i t uen ts .  The 
process has several p o t e n t i a l  forms o f  app l i ca t i on .  Th is  study was conducted i n  
support o f  the development o f  one such a p p l i c a t i o n :  a new recovery system f o r  
t he  k r a f t  pu lp ing  process. Thermal t reatment  experiments were performed us ing 
d i f f e r e n t  r e a c t a n t  gases. On the bas is  o f  analyses o f  the r e s u l t a n t  gaseous and 
aqueous phases, t he  main reac t i ons  l ead ing  t o  aqueous-phase products were e l u c i -  
dated. This i n fo rma t ion  was used t o  advantage i n  the comp i la t i on  o f  a process 
scheme f o r  t h e  recovery o f  t he  cooking chemicals from the aqueous phase. 

\ 

INTRODUCTION 

A process producing l i q u i d  f u e l s  from the organic  ma t te r  o f  t he  b lack l i q u o r s  
from a l k a l i n e  p u l p i n g  i s  be ing developed a t  the Laboratory o f  Fuel Processing 
and Lubr i ca t i on  Technology, Technical Research Centre o f  F in land  (VTT).  The 
cen t ra l  ope ra t i on  i n  the process i s  t he  l iqu id-phase thermal treatment o f  black 
l i q u o r  a t  300 - 350 OC under a reducing atmosphere (1) .  The treatment r e s u l t s  i n  
t h e  format ion o f  a hydrophobic o i l  which separates ou t  from an aqueous phase 
conta in ing t h e  i no rgan ic  c o n s t i t u e n t s  (F igure 1). 

The process can be app l i ed  i n  e i t h e r  o f  two bas ic  ways: 

, 
\ 

- as a method t o  produce o i l  i n  con junc t i on  w i t h  the  k r a f t  pu lp ing  process, 
- as an e n t i r e l y  new system f o r  recove r ing  the  cooking chemicals and energy 

from k r a f t  spent l i q u n r s .  

The f i r s t  type o f  a p p l i c a t i o n  e x p l o i t s  t he  favourable p roper t i es  o f  black l i q u o r  
as a feedstock f o r  high-pressure conversion. I n  comparison t o  s o l i d  biomass, the 
advantages o f  b lack l i q u o r  as a feedstock inc lude:  

I 

- no pret reatment  requi red.  Black l i q u o r  can be d i r e c t l y  pumped i n t o  the 
r e a c t o r  a t  dry  s o l i d s  concentrat ions as h igh as 60 %, - black l i q u o r  conta ins a l k a l i n e  compounds known t o  cata lyze conversion 
react ions,  - ce l l u lose ,  t he  most va luable component o f  wood, i s  no t  subjected t o  the  
conversion process. \ 

I n  t h i s  type o f  app l i ca t i on ,  t he  k r a f t  cooking chemicals Ere recovered us ing the 
t r a d i t i o n a l  method which i s  cent red around t h e  Tomlinson recovery b o i l e r .  Addi- 
t i o n a l  p l a n t  f u e l  (wood waste, peat, coa l )  i s  needed. Pre l iminary economic eva- 
1UatiOnS have i n d i c a t e d  t h a t  t h i s  type o f  o i l  product ion process would be eco- 
nomic if o i l  p r i c e s  were a t  t h e i r  1985 l e v e l .  

In  the second type o f  app l i ca t i on ,  t he  Tomlinson recovery b o i l e r  i s  rep laced by 
a safer and the rma l l y  m r e  e f f i c i e n t  recovery system, i n  which the o i l  produced 
by thermal t reatment  i s  used as p l a n t  fuel.  Th is  type o f  process i s ,  i n  many 
respects, s i m i l a r  t o  the  Hydropyro lys is  Recovery Process developed by the  S t .  
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Regis Paper Company, USA ( 2 ) .  t he  essen t ia l  d i f f e r e n c e  being the use o f  a r e -  
ducing atmosphere i n  the VTT process. The experiments described he re - in  were 
undertaken i n  support o f  the development o f  t h i s  second type o f  process. 

The s p e c i f i c  ob jec t i ves  o f  the present  study were t o  e l u c i d a t e  the main re -  
act ions leading t o  aqueous-phase products, and, by apply ing t h i s  knowledge, t o  
es tab l i sh  process schemes f o r  the recovery o f  the cooking chemicals from the 
aqueous phase. Because the  composit ion o f  the aqueous phase i s  dependent upon 
the composit ion o f  t he  reac tan t  gas, several d i f f e r e n t  gases were employed i n  
these experiments. 

It should be mentioned t h a t  research on conversion o f  b lack l i q u o r s  i s  b u t  a 
p a r t  o f  a wider biomass conversion program being undertaken a t  our l abo ra to ry .  
Other major p a r t s  t o  t h i s  program are: 

- development o f  f ixed-bed and f l u i d - b e d  g a s i f i c a t i o n  processes, i n c l u d i n g  

- suppor t ive research f o r  t he  f i r s t  synthesis-gas p l a n t  us ing peat o r  wood as 

- basic research on d i r e c t  l i q u e f a c t i o n  processes f o r  peat and wood (h igh-  

- development o f  low-waste technologies. 

combined cyc le  power generat ion app l i ca t i ons ,  

feedstock ( the  peat-ammonia p l a n t  o f  the F i n n i s h  company, Kemira), 

pressure l i q u e f a c t i o n  and f l a s h  p y r o l y s i s ) ,  

EXPERIMENTAL 

The k r a f t  b lack l i q u o r ,  employed i n  the experiments, o r i g ina ted  from a labora-  
t o r y  cook o f  Scots p ine (w s y l v e s t r i s ) .  An ana lys i s  o f  the l i q u o r  i s  given 
i n  Table 1. 

Table 1. Analysis o f  k r a f t  b lack  l i q u o r ’ .  

% o f  dry s o l i d s  

Organic mat ter  
Tota l  Na 

0.04 
1.1 

dry s o l i d s  content  o f  30 % 

A l a t e r  batch o f  l i q u o r ,  prepared i n  a s i m i l a r  way, was a lso analyzed fo r  vo la-  
t i l e  acids ( fo rm ic  and a c e t i c  ac ids )  and l a c t i c  acid, which are present  as 
sodium s a l t s  i n  the l i q u o r .  On the bas is  o f  the analyses i t  can be concluded 
t h a t  the contents o f  these ac ids  i n  the feed l i q u o r  used i n  the  present  exper i -  
ments were approximately 6 % om, 4 % om, and 4 % om respect ive ly ,  where % om 
denotes the percentage o f  b lack l i q u o r  organics. 

The experiments were conducted i n  a 1 - l i t r e  autoclave. I n  a t y p i c a l  experiment 
500 m l  o f  black l i q u o r  was p laced i n  the autoclave and reac tan t  gas was charged 
a t  s u f f i c i e n t  pressure ( 5  - 9 MPa) t o  r e s u l t  i n  a t o t a l  pressure o f  about 20 MPa 
a t  t he  reac t i on  temperature. The autoc lave was then heated a t  a r a t e  o f  about 5 
oC/min. A f i x e d  t ime-at-temperature o f  45 min was chosen f o r  these experiments. 

A t  t he  end o f  the r e a c t i o n  period, t he  autoclave was r a p i d l y  cooled, a f t e r  which 
gases were released, measured, and analyzed. The organic phase and the  aqueous 
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phase were separate ly  recovered from the autoc lave and weighed. The pH o f  t he  
aqueous phase was measured. I n  many of t h e  experiments t h e  aqueous phase was 
a l s o  analyzed f o r  formic,  acet ic ,  and l a c t i c  ac ids  (present  as sodium s a l t s )  and 
f o r  CO, (chemical ly bound i n  sodium carbonate o r  bicarbonate). The former were 
analyzed by gas chromatography as t h e i r  benzyl es te rs  (3), the l a t t e r  by 
measuring the  amount o f  CO, l i b e r a t e d  upon a c i d i f i c a t i o n  w i t h  excess minera l  
ac id .  

The primary experiments were those employing e i t h e r  carbon monoxi de o r  hydrogen 
as reducing gas. Two temperatures, 300 OC and 350 OC, were inves t i ga ted .  Exper i -  
ments employing non-reducing carbon d iox ide  were a l s o  conducted i n  order  t o  
assess whether a l k a l i  n e u t r a l i z a t i o n  by the reac tan t  gas p lays an impor tant  r o l e  
i n  the thermal t rea tmen t  process. One experiment was performed w i t h  a reac tan t  
gas o f  composit ion s i m i l a r  t o  t h a t  o f  a t y p i c a l  l o w - c a l o r i f i c  fuel gas (producer 
gas) generated by g a s i f i c a t i o n  o f  biomass w i t h  a i r .  

3 

H, 
300 
18 

0 
80.7 
0.4 - 0.5 
0 
0.1 
0.3 
10.0 
6.2 
4.1 
1.5 

10.2 

RESULTS AND DISCUSSION 

The main experimental r e s u l t s  a re  presented i n  Table 2. 

Table 2. Resul ts  o f  autoc lave experiments. Time-at-temperature: 45 min. 

4 5 

H Z  H Z  

350 350 
22 22 

23.2 22.6 
36.5 33.4 
2.4 2.4 - 0.3 - 0.2 
0 0 
O.? 0.8 
0.5 0.4 
NO 18.0 
NO 4.6 
ND 3.8 
NO 0.3 

9.5 9.4 

Reactant gas 

Temperature, OC 
Pressure, MPa 
Yields, % o f  b l a  
l i q u o r  organics 
( %  om) 

o i l  3 
bitumen 4 

Experiment 1 2 

CO, 
350 
24 

0 
81.4 
0.6 
0 
0 
0.7 
1.0 
NO 
1.6 
3.9 
0 

8.9 

6 1  7 1  8 

CO,/H, 1 Producer 

26 26 
345 ga:5; 

22.1 20.2 
34.1 36.5 
5.2 3.9 - 0.3 - 0.1 
0 - 3.8 
1.0 0.7 
ND 0.4 
19.0 NO 

NO ND 
NO ND 
NO NO 

8.4 9.1 

co 
300 
2o 

k 

24.9 
35.1 

160 % CO,, 40 % H, i n  gaseous phase 
14 % CO 51 % N 17 % H 18 % CO i n  aqueous phase as HC03- o r  COT 
organic*;roduct 2; o i l  la& present  as sodium s a l t s  
heav ie r  organic  product  ND: n o t  determined 

co 
I 350 

26 
I 

26.9 
I 25.6 

Formation of o i l  phase 

30.1 
0.5 

0.4 
1.4 

Cd 
CH, -gases 
H S  
~6 /aqueous 6 2.0 
follinic ac id  35.7 
a c e t i c  ac id  7 4.5 
l a c t i c  a c i d  1.3 

Aqueous-phase pH 8.5 

- 31.8 I c;OZ 5 

I n  t h i s  experimental program, complete separat ion o f  t he  organic product  as a 
s i n g l e  o i l  l a y e r  was n o t  achieved, even when reac t i on  cond i t i ons  were apparent ly  
s i m i l a r  t o  those successfu l ly  employed i n  o the r  types o f  reac to r  i n  e a r l i e r  
development work (C0/300 OC) (1). I n  experiments i n  which an o i l  l a y e r  was 
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32.1 
0.7 

0.6 
1.1 
19.0 
10.6 
3.9 
0.3 

8.5 

- 28.6 
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formed, p a r t  o f  the organic  ma t te r  was a l so  converted i n t o  a b i tumen- l ike 
ma te r ia l .  It was assumed t h a t  t h i s  separat ion o f  the organic product  i n t o  two 
phases was dependent on c e r t a i n  phys ica l  parameters o f  the r e a c t i o n  system. 
This assumption has s ince  been confirmed. I n  t h i s  study, concerned w i t h  r e -  
ac t i ons  o f  aqueous-phase c o n s t i t u t e n t s ,  e f f o r t s  were no t  expended i n  o p t i -  
f i z i n g  phys ica l  cond i t i ons  f o r  o i l - l a y e r  formation. I n  Table 2, the y i e l d s  o f  

o i l  " and "bitumen" a re  repo r ted  separately. 

The o i l  y i e l d  data o f  Table 2 i n d i c a t e  that ,  a t  300 OC, CO was e f f e c t i v e  i n  
producing a d i s t i n c t l y  o i l - l i k e  product  bu t  H was not .  A t  350 OC, H, was a l s o  
an effect;,ve reac tan t  gas, as were mixtures o f  CO and H, w i t h  o the r  gases ( f o r  
example, producer gas"). CO,, on the  o the r  hand, was no t  e f f e c t i v e ,  con- 
f i r m i n g  t h a t  t he  most impor tan t  f u n c t i o n  o f  the reac tan t  gas i s  t o  reduce 
organic  mat ter  i n  t h e  l i q u o r .  

I n t e r a c t i o n s  between gaseous and aqueous components 

I n  a l l  experiments the thermal t reatment  l e d  t o  a decrease i n  the b lack l i q u o r  
a l k a l i n i t y ,  the f i n a l  pHs be ing  i n  the  range 8 - 10 (Table 2) .  The c h i e f  
n e u t r a l i z i n g  agents were the  gases CO and CO . The decrease i n  a l k a l i n i t y  was 
l e a s t  extens ive i n  experiments employing hyd$ogen as reac tan t  gas, b u t  it was 
nonetheless q u i t e  s i g n i f i c a n t ,  p a r t i c u l a r l y  a t  350 OC (Expts. 4 and 5). I n  
these cases, the n e u t r a l i z i n g  agent was CO,, a product  o f  the thermal decompo- 
s i t i o n  o f  t he  organic mat ter  (decarboxy lat ion) .  

The e l e c t r o l y t e  systems o f  k r a f t  b lack l i q u o r  are we l l  known (4 ) .  I n  p r i n c i p l e  
t h i s  data can be app l i ed  t o  the product  m ix tu re  o f  the thermal treatment pro- 
cess, a l l ow ing  the  f o l l o w i n g  conclusions t o  be drawn: 

1. I n  a l l  cases, sulphur i s  present  as HS- i n  the aqueous phase, t he  f i n a l  pHs 
(8  - 10) be ing lower than the  pK 
f o r  H S (-7). Very l i t t l e  H,S sflould be formed. 

2. HC0;'predominates over CO,=, p a r t i c u l a r l y  a t  the lower end o f  the observed 
pH range. pKa f o r  K O , -  i s  - 10. 

3.  The phenol ic  hydroxyl groups o f  the l i g n i n  molecules a re  l a r g e l y  i n  an un- 
i on i zed  condi t ion,  i.e. n o t  bound t o  the  sodium i o n  (pK s: 9.5 - 11). 

4. The carboxyl groups, which do n o t  decompose du r ing  the  thermal treatment, 
remain i o n i z e d  (pKas: 3 - 5). The th ree  main f r a c t i o n s  o f  t he  organic mat- 
t e r  o f  t he  b lack l i q u o r  a re  l i g n i n ,  a l i p h a t i c  acids, and ex t rac t i ves .  The 
a l i p h a t i c  a c i d  f r a c t i o n  conta ins the bulk  o f  the carboxyl groups, b u t  some 
a re  a l s o  encountered i n  the  o the r  f r a c t i o n s  (5 ) .  

However, i t  should be noted tha t ,  because o f  mass t r a n s f e r  l i m i t a t i o n s ,  equ i -  
l i b r i u m  between the  gas and l i q u i d  phases i s  n o t  necessar i ly  es tab l i shed  
du r ing  a l l  phases o f  t he  t reatment  process. For  example, cons iderable amounts 
of H S were evolved du r ing  the  treatment, t he  lower the  pH the  more H S (Table 
2 ) ,  ?nd ica t i ng  a h ighe r  pKa va lue a t  t he  r e a c t i o n  temperature, and, a a t e r  t h e  
r a p i d  cool-down, lack o f  e q u i l i b r i u m  between H,S i n  the  gas phase and H,S i n  
the aqueous phase. 

When the  n e u t r a l i z i n g  agent i s  CO,, 
w r i t t e n  as fo l lows:  

f o r  HS- (- 13.5) and h ighe r  than t h e  pKa 

the  main n e u t r a l i z a t i o n  reac t i ons  can be 

NaOH + CO, NaHCO, 1) 

NaHS + CO, + H20 eNaHC0,  + H,S 2 )  



Na2C03 + CO, + H,O =2NaHCO3 

NaOH t CO z2 HC0,Na 

4)  

When CO i s  t h e  n e u t r a l i z i n g  agent, t h e  equations become: 

5)  

NaHCO, t CO ;r HC0,Na t CO, 9 )  

The r e s u l t s  i n  Table 2 i n d i c a t e  that ,  a t  350 OC, Reactions 1 t o  4 occurred t o  
a s i g n i f i c a n t  ex ten t  i n  a l l  atmospheres. I n  t h e  CO atmosphere, a s i g n i f i c a n t  
amount o f  formate was a l so  produced (Reactions 5 t o  9). A t  300 OC, t h e  
aqueous-phase composit ion i n  the  CO experiment was considerably  d i f f e r e n t  from 
t h a t  i n  the  H, experiment. I n  the CO atmosphere, a very l a r g e  q u a n t i t y  o f  
formate was formed. The increase compared t o  t h e  C0/350 OC experiment was 
presumably due t o  a s h i f t  i n  t h e  e q u i l i b r i a  o f  Reactions 8 and 9. I n  t h e  H, 
atmosphere a t  300 OC, carbonate formation, a l though s t i l l  s i g n i f i c a n t ,  was 
l e s s  than a t  350 '% ( l e s s  decarboxy lat ion o f  organic  ma t te r ) .  

S t a b i l i t y  o f  organic  a c i d  s a l t s  

A l a rge  f r a c t i o n  o f  t h e  organic ma te r ia l  o f  b lack l i q u o r  i s  comprised o f  a l i -  
phat ic  ac ids  ( 5 ) .  I n  a d d i t i o n  t o  the ac ids  analyzed, t he re  are s i g n i f i c a n t  
q u a n t i t i e s  o f  l e s s  v o l a t i l e  a l i p h a t i c  hydroxy ac ids.  The acids. present  as 
sodium s a l t s  i n  b lack l i q u o r ,  a re  formed from wood polysaccharides du r ing  
pulping. A t  t h e  present  time, the  f a t e  o f  the hydroxy a c i d  components, o t h e r  
than l a c t i c  ac id ,  dur ing the thermal treatment process i s  no t  known w i t h  cer-  
t a i n t y .  A r e c e n t  study o f  c e l l u l o s e  conversion i n  a l k a l i n e  s o l u t i o n  suggests. 
however, t h a t  these components w i l l  no t  be converted i n t o  water- inso lub le 
product, t h a t  i s .  o i l ,  under these cond i t i ons  (6). Th is  i s  cons i s ten t  w i t h  t h e  
energy y i e l d s  of organic  phase ( o i l  and bitumen) observed i n  t h e  present  expe- 
r iments. The y i e l d s  are what one would expect i f  the organic  phase were t o  
o r i g i n a t e  alnnost e n t i r e l y  from t h e  l i g n i n  f r a c t i o n  o f  b lack l i q u o r .  Fo r th -  
coming exper iments w i l l  aim a t  con f i rm ing  the o r i g i n s  o f  t he  o i l  product. 

The present  r e s u l t s  (Table 2) i n d i c a t e  t h a t  sodium acetate was r a t h e r  s t a b l e  
under the c o n d i t i o n s  o f  t he  thermal treatment, wh i l e  sodium l a c t a t e  decomposed 
t o  a l a r g e  ex ten t .  Sodium formate decomposed i n  t h e  CO, atmosphere, presumably 
due t o  a s h i f t  t o  the l e f t  o f  t he  e q u i l i b r i a  o f  Reactions 8 and 9. I n  t h e  H, 
atmosphere, formate was f a i r l y  s tab le.  I n  t h i s  case, t he  decomposition o f  
formate t o  carbonate was probably prevented by the  fo l l ow ing  r e a c t i o n  (7 ) :  

NaHCO, t H, 7-) HC0,Na t H,O 10) 

Consumpti on o f  reducing gas 

From the p o i n t  o f  view o f  o i l  formation, t he  most impor tant  reac t i ons  o f  CO o r  
H, are the r e d u c t i o n  reac t i ons :  

CO "organic ma t te r  -> '0, 

" 2  ' Oorganic ma t te r  - HzO 

' 

. I  
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Sodium formate can a l s o  f u n c t i o n  as a reductant  i n  a s i m i l a r  way (8): 

I 

I’ 

1 

I 
f 

HC0,Na + Oorganic matter -> NaOH + CO, ----> NaHCO, 13 1 

However, t h e  r e s u l t s  o f  t he  H,/300 OC experiment suggest t h a t  t he  formate 
present  i n  the b lack l i q u o r  feedstock ( a t  6 % om concen t ra t i on )  i s  n o t  an 
e f f e c t i v e  reductant .  

I n  a d d i t i o n  t o  i t s  be ing consumed as a reductant ,  CO i s  consumed i n  p a r t i a l  
n e u t r a l i z a t i o n  o f  b lack l i q u o r  a l k a l i n i t y  (Equations 5 t o  9) and i n  p roduc t i on  
o f  H, by the  water-gas-sh i f t  reac t i on :  

CO + H20 Z? CO, + H, 

From the  data o f  Table 2, i t  has been poss ib le  t o  es tab l i sh  the consumption 
pa t te rns  o f  CO a t  300 O C  and 350 OC (Table 3 ) .  

Table 3. Consumption o f  CO. 

14)  

I N e u t r a l i z a t i o n  18 3 
I 1  Reduction 
111 Sh i f t  

Tota l  

The t o t a l  l e v e l  o f  CO consumption, about 30 % om, i s  equiva lent  t o  a H, 
consumption o f  2.1 % om, which i s  a much h ighe r  value than t h a t  observed i n  H, 
experiments: 0.3 - 0.5 % om (Table 2). 

IMPLICATIONS FOR PROCESS DEVELOPMENT 

The aqueous phase l e a v i n g  the  thermal t reatment  reac to r  conta ins the  f o l l o w i n g  
compounds: - NaHS ( S N a  S )  - NaHCO, (tt?Ia2C03) - Sodium s a l t s  o f  a l i p h a t i c  acids, w i t h  formate and acetate as two main 

- Other organic compounds i n  smal ler  amounts. 

components. The formate content  i s  cons iderable when the  reac tan t  gas i s  
co. 

The organic a c i d  s a l t s  and o the r  organic  compounds cannot be recycled, i n  
t h e i r  e n t i r e t y ,  t o  the  cooking stage. I f n o t  purged from the system, they w i l l  
q u i c k l y  bu i ld-up i n  concentrat ion i n  the cooking l i q u o r  and r e t a r d  the  de- 
l i g n i f i c a t i o n  react ions.  Furthermore, p a r t i c u l a r l y  i f  the formate concentra- 
t i o n  i s  high, t he re  may be i n s u f f i c i e n t  sodium f o r  b ind ing  t o  t h e  hydroxide 
ion. I n  fac t ,  var ious p o s s i b i l i t i e s  o f  conve r t i ng  sodium formate d i r e c t l y  i n t o  
sodium hydroxide were i n v e s t i g a t e d  i n  t h i s  study, b u t  none o f  these proved t o  
be t e c h n i c a l l y  f eas ib le .  

One example o f  a workable scheme f o r  the recovery o f  chemicals i s  depic ted i n  
F igu re  2. A p a r t  o f  t h e  aqueous phase l e a v i n g  the thermal treatment stage i s  
recyc led through a wet o x i d a t i o n  reac to r  where organic mat ter  i s  o x i d i z e d  t o  
carbonate, CO,, and H20. The heat produced i s  employed i n  hea t ing  the  feed 
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stream t o  the thermal t r e a t e r .  The r e s t  o f  t h e  aqueous phase i s  recaus t i c i zed  i n  
t h e  conventional way. I n  a d d i t i o n  t o  the normal components o f  k r a f t  green 
l i q u o r ,  t h i s  l i q u o r  con ta ins  NaHCO, and some organic matter. The presence o f  
organic ma t te r  should be an advantage because, accord ing t o  the l i t e r a t u r e ,  a 
small  b u t  s i g n i f i c a n t  increase i n  pu lp  y i e l d  can be expected ( 2 ) .  The presence 
o f  NaHCO, w i l l  l e a d  t o  a h ighe r  l i m e  requirement i n  the r e c a u s t i c i z i n g  stage. 

Wet ox ida t i on  i s  q u i t e  an economic process step i n  t h i s  scheme because the  feed  
stream t o  i t  i s  a l ready  a t  the requ i red  temperature and pressure. Sulphide w i l l  
be ox id i zed  t o  sulphate, bu t  i t  should be reduced again t o  su lph ide i n  t h e  sub- 
sequent heat t reatment  stage. This l a t t e r  r e a c t i o n  w i l l  be i n v e s t i g a t e d  exper i -  
menta l ly  i n  t h e  near fu tu re .  For reasons o f  low gas consumption and low gas 
cos t ,  producer gas i s  the reducing gas proposed f o r  the scheme o f  F igu re  2. 

P re l im ina ry  economic eva lua t i ons  o f  t h i s  scheme have i n d i c a t e d  t h a t  i t  would be 
more economic than t h e  conventional recovery process, p a r t i c u l a r l y  i f  a h igher  
pu lp  y i e l d  were obtained. This  process would a l s o  have a h igher  thermal e f f i -  
ciency than t h e  convent ional  process. 

CONCLUDING REMARKS 

The black l i q u o r  t reatment  process being developed a t  V T T  has several promis ing 
forms o f  a p p l i c a t i o n .  The work described i n  t h i s  paper has f u r t h e r e d  the  deve- 
lopment o f  one such a p p l i c a t i o n :  a new recovery system f o r  t he  k r a f t  pu lp ing  
process. Current  research i s  being d i r e c t e d  a t  ga in ing  a b e t t e r  understanding o f  
t he  o i l - f o r m i n g  r e a c t i o n s  occu r r i ng  du r ing  thermal treatment. 
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F i g u r e  1. The thermal t reatment  process f o r  black l i q u o r s .  
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F i g u r e  2.  Pre l iminary  scheme f o r  a new k r a f t  recovery process. 
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